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INTRODUCTION
Serious disagreement between the results of classical theory and experiments on the buckling of axially compressed cylindrical shells has long been known to exist. Despite considerable effort, this problem is still not completely understood. New light was thrown on the matter in the recent investigation by Stein reported in Refs. 1 and 2.
In that analysis, the deformations and stresses induced by edge support were for the first time rigorously taken into account. It was shown that previous inconsistent assumptions in the classical theory with regard to boundary conditions in the prebuckling state can significantly affect the theoretical buckling load. 
DVw + N/r-(Nw +Nw +2Nw )-p = 0 y v x ,xx y ,yy xy ,xy 7 The corresponding relations between stresses, strains, and displacements are (2) and (3), a compatibility equation can be derived:
Equations (5) and (6) The shell is assumed to be supported in the radial direction at the edge. Therefore, at x = L/2: w = 0 Eqs. (7) and (8), form eight complete sets of boundary conditions. All of these sets will be considered in the analysis. where
The integration constants are obtained through substitution of Eq. (4) The following notations are introduced.
For simply supported shells the solution will be given by
For clamped shells,
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BUCKLING EQUATIONS
The equations needed for the solution of the buckling problem are obtained through substitution of Eqs. (10) into Eqs. (5) and (6) . From the equations so derived, the prebuckling equations can be subtracted and higher order terms in the infinitesimal incremental displacements omitted. The equilibrium and compatibility equations may then be written in the form
The equations may be separated with respect to the space variables by use of the substitution f x = F(x) sin (ny/r)
The conditions of continuity in the circumferential direction will be satisfied if n , the number of circumferential waves, is an integer. In substitution of Eqs. (22) cylinder.
The boundary conditions are given in Eqs. (7), (8), and (9). The conditions pertaining to w, f, N , or N are converted in terms of W and F in an obvious way. The ' ' x' xy conditions for u and v may be expressed in terms of W and F by use of Eqs. (2), (3), (4), and (22).
It is found that the condition v = 0 can be replaced by
and the condition u = 0 by
The classical formulation of the problem is obtained if the membrane solution This value is found through computation of the determinant for a series of values of the load such that the solution can be found graphically.
For the computations, an IBM-7094 digital computer was used. In programming, advantage was taken of the fact that elements sufficiently far off the diagonal were zero. Furthermore, the computer program provided a possibility to alternately reduce the matrix and compute new coefficients. In this way the available storage space did not limit the number of points that could be used. Therefore, the limit was determined by round-off errors, and a double precision procedure was used.
All numerical results were obtained for a value of Poisson's ratio equal to 0. 3. Table 1 . By use of these exploratory calculations it was possible to establish, as a function of the parameter Z, the number of points needed for 1/2 percent, or better, accuracy in the final results.
Computed critical values of the axial load for the case of zero lateral pressure are shown in Table 2 . For comparison, corresponding results were also obtained by use of the membrane prebuckling solution. It was found that with boundary conditions corresponding to cases S3 and S4 (W = 0 , N -0) these results differ very little from the results in Table 2 . In the other six cases the critical load with membrane prebuckling solution, within the parameter range considered, is equal to or insignificantly higher than the classical buckling load for simply supported cylinders (N = 1.0) .
It appears from Table 2 that, with the exception of very short shells (Z -50) , the critical load is practically independent of the parameters r/t and L/r in all cases.
In contrast to expectations, lower values of the critical load are in some cases found for the very short shells. Therefore, the influence of the shell length on the critical load was studied in more detail. The critical load versus the parameter L/r , for a cylinder with r/t = 100 and with boundary conditions corresponding to case C2, is shown in Fig. 1 . Here the number of circumferential waves was held constant (n = 8 ) . For long shells the critical load is independent of shell length, and for very short shells the critical load is, as expected, monotonically increasing with decreasing shell length. In the intermediate range an oscillatory behavior is displayed. It may A similar variation of the critical load with L/r was found for the cases S3 and S4.
In Fig. 2a the critical load is shown versus L/r for case S3. It is seen that in this case the general behavior does not change when the influence of lateral restraint in the prebuckling analysis is neglected. For relatively long cylinders the curve with membrane prebuckling solution is slightly below the rigorous solution. However, for veryshort cylinders this difference increases, as may be expected. In Fig. 2b the length dependence is shown for a cylinder with boundary conditions corresponding to case S4.
In both these cases the curves are valid for a fixed number of waves (n = 2) .
Critical values of the external pressure with zero axial load were also computed for the eight different sets of boundary conditions. In this case the results agree with those reported in Ref. 7 , except for very short cylinders. The slight discrepancy for short shells was observed for simply supported shells also in Ref. In case S3 the curves show that for most combinations of geometrical parameters there exists a range of the pressure parameter within which three solutions are obtained. Of course, when the axial load on the shell is increased under constant internal pressure,only the lowest of these solutions is meaningful.
For clamped cylinders, it was found again that the parameter r/t has no influence on critical combinations of the axial stress and pressure parameters. It was found also that tangential restraint at the edge does not affect the critical load. Interaction curves for clamped cylinders are shown in Fig. 6 . For simply supported cylinders in the case of zero tangential edge displacement, and for clamped cylinders, use of the rigorous analysis leads to a reduction of the critical load. This reduction is rather moderate in comparison with the discrepancy between theory and tests. It appears that these boundary conditions generally are applicable in experiments, and therefore the edge effects studied here cannot alone explain the discrepancy between theory and tests. A final solution of this problem will probably have to include effects of initial geometric inaccuracies.
The results for cylinders with edges free in the tangential direction, first obtained by the cylinder edge was considered to be free in the lateral direction, and also in this case the critical load was drastically reduced. Although neither of these conditions is realized in experimental analysis, they are still interesting in that it is feasible that in practical applications elastic restraint at the edges may be rather weak. 
